
1

Chemistry & STEM �
Measurement II

Density
An Objects’Intensive Relationship �

of its Mass & Volume

Dr. Ron Rusay

Discussion Questions 1.4

Comparison of Relative Properties �
FUNCTIONS

Density is a 
function of an 
object’s 
mass and 
volume.

Comparison of Relative Properties �
FUNCTIONS

Comparisons of Relative Properties �
FUNCTIONS

1) Images (Symbols)
2) Words
3) Sounds (Voice) 
4) Numbers
5) Tables
6) Graphs
7) Formulas

Powers of Ten (Images) http://www.wordwizz.com/imagendx.htm
http://www.eamesoffice.com/
 

 

Functions & variables can be 
described interchangeably 
between:

Example: density : mass : volume 

Mass Volume

Density

Density is a 
function of an 
object’s mass 
and volume.

 Density�
 Mass & Volume

Numbers, Tables, & Graphs
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30.4 82.2 117.6
586.0
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Mass
(grams)

Volume
(mL)

Unknown Samples 1-6

Mass & Volume

Volume
Mass

Unknown Metal

Sample Mass (grams) Volume (mL) 
1 10.0 0.5 
2 55.0 2.8 
3 113.5 5.9 
4 586.0 30.4 
5 1587.0 82.2 
6 2270.0 117.6 

Archimedes 250 B.C.E. Does iron 
float?.... The RMS Titanic?

Density  
http://www.density.com/what.htm

Density = Mass / Volume [g/mL or g/cm3; g/L]
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Archimedes 250 B.C.E. Does iron 
float?.... The RMS Titanic?

NOVA: The Secrets of Archimedes
https://www.youtube.com/watch?

v=0n347dxm5uE

NOVA: Why Do Ships Sink?
https://www.youtube.com/watch?

v=n_xDZjrZ6zs

Density  
http://www.density.com/what.htm

Density 
Density = Mass / Volume [g/mL or g/cm3; g/L] (kg/m3)  

Very Dense Astronomical Objects: White Dwarfs
http://antwrp.gsfc.nasa.gov/apod/ap961203.html

D(ρ)  = 1 x 10 9 kg/m3  = 1 x 10 3 kg/cm3

= 1 x 10 6 g/cm3

1

 Our Sun will eventually 
become a white dwarf 
“butterfly”….. but not for 
~5 billion years.

A White Dwarf’s mass is comparable to our Sun's, but its 
volume is about a million times smaller; the average density 
is ~1,000,000 times greater than the Sun’s 1.4 kg/m3

Archimedes 250 B.C.E. Does iron 
float?.... The RMS Titanic?

Density  
http://www.density.com/what.htm

Density = Mass / Volume [g/mL or g/cm3; g/L]

V = m / d m = V x d
•  Using exact numbers / “scale factors” UNITS
•  A Bookkeeping Process: Example

Calculating the density [D(ρ) = ? g/cm3 ] of a white dwarf, 
1.0 x 109  kg / 1 m3 

•  (1 kg = 1000g; 1 m3 = 1 x 10 6 cm3; 1 Ton (T) = 1000kg)

1

__________________ = ________kg

m3

? g

? cm3

m3

cm3

g

kg

Dimensional Analysis  
Conversion/Unit Factor Calculations

•  Using exact numbers / “scale factors” UNITS
•  A Bookkeeping Process: Example

Calculating the density [D(ρ) = ? g/cm3 ] of a white dwarf, 
1.0 x 109  kg / 1 m3 

•  (1 kg = 1000g; 1 m3 = 1 x 10 6 cm3; 1 Ton (T) = 1000kg)

1

__________________ = ________kg

m3

? g

? cm3

m3

cm3

g

kg
1.000 x 106 = (100 cm)3

1

1
1.0 x 10 9

1,000

1

Dimensional Analysis  
Conversion/Unit Factor Calculations

1,000,000 = 1 .0 x 106

1

•  Example for an astronomical object where 1 
teaspoon weighs 3 Tons. (~ 3 pick up trucks).
3 T /1 tsp         ? g/cm3

•  (1 tsp = 4.9289 mL; 1 T (Ton) = 1,000 kg; 1 kg = 
1,000 g; 1 mL = 1 cm3  )

1

___________________________ = ________T

tsp

? g

? cm3

tsp

mL

mL

cm3

kg

T

g

kg

Dimensional Analysis  
Continued
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•  Example for an astronomical object where 1 
teaspoon weighs 3 Tons. (~ 3 pick up trucks).
3 T /1 tsp         ? g/cm3

•  (1 tsp = 4.9289 mL; 1 T (Ton) = 1,000 kg; 1 kg = 
1,000 g; 1 mL = 1 cm3  )

1

___________________________ = ________T

tsp

? g

? cm3

tsp

mL

mL

cm3

kg

T

g

kg

Dimensional Analysis  
Continued

1.000 x 103 1.000 x 103

1

11

1 1 1

3

4.9289 6 x 105 g/cm3

Density 
Density = Mass / Volume [g/mL or g/cm3; g/L; kg/m3]  

1

“Besides black holes, there’s nothing 
denser than what we’re creating,” said 
David Evans, a team leader for the Large 
Hadron Collider’s ALICE detector, which 
helped observe the quark-gluon plasma 
shown. “If you had a cubic centimeter of 
this stuff, it would weigh 40 billion tons.”

http://www.zmescience.com/science/
physics/quark-gluon-plasma-lhc-26052011/
#ixzz3foandtPt

How does quark-gluon plasma’s density compare 
to a white dwarf? (1 ton = 1,000 kg)

01_05

1dm3= 1 L

1 cm

1 cm

1m3

1cm3= 1 mL

Calculate the density [D(ρ) = ?] (kg/cm3…or g/cm3..or kg/m3) �
of quark-gluon plasma: 1 cm3 has a mass of 4.0 x 1010 T 

(metric tons) 
for comparison to White Dwarf.

(1 T = 1,000 kg; 1 kg = 1,000g; 1,000,000 cm3 = 1 m3  )

___________________ = 4.0 x 1010 T 1,000 kg

Tcm3

_________________________ = 4.0 x 1010 T 1,000 kg 1,000 g

Tcm3 kg

4.0 x 1013  kg/cm3

 

4.0 x 1016  g/cm3

_______________________ = 4.0 x 1013 kg 1,000,000 cm3

m3cm3
4.0 x 1019  kg/m3

1 x 10 3 kg/cm3

1 x 10 9 kg/m3   

1 x 10 6 g/cm3

4.0 x 1010 greater

Density: Ultralight microlattices 
Density = Mass / Volume [g/mL or g/cm3; g/L; kg/m3]  

1

0.9 mg/cm3 (air = 1.2 mg/cm3)

T. A. Schaedler et al. Science 2011;334:962-965 

Published by AAAS 

http://www.gizmag.com/ultralight-micro-lattice-material/20537/

Ni/P
Microlattice  
thin film
plating

Density 
Density = Mass / Volume [g/mL or g/cm3; g/L; kg/m3]

1

Aerogel
Clothing Insulation 2019

https://www.youtube.com/watch?v=12QJKET1Dq8

-26o C 
(-15o F)

A metal sample is hammered into a rectangular sheet 
with an area of 31.2 ft2 and an average thickness of 
2.30 × 10−6 cm. If the mass of this sample is 0.4767 g, 
predict the identity of the metal. 

The density of the metal is shown in parenthesis.  
Useful information: 1 ft2 = 929 cm2 

    A) Aluminum (2.70 g/cm3) B) Copper (8.95 g/cm3)

    C) Gold (19.3 g/cm3) D) Zinc (7.15 g/cm3) 

QUESTION

Set up a dimensional analysis path to solve the problem
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A metal sample is hammered into a rectangular sheet 
with an area of 31.2 ft2 and an average thickness of 
2.30 × 10−6 cm. If the mass of this sample is 0.4767 g, 
predict the identity of the metal. 

The density of the metal is shown in parenthesis.  
Useful information:  1 ft2 = 929 cm2 

    A) Aluminum (2.70 g/cm3) B) Copper (8.95 g/cm3)

    C) Gold (19.3 g/cm3) D) Zinc (7.15 g/cm3) 

Dimensional Analysis

ft2

? g

? cm3

ft2

cm2 cm

g
929

31.2

1

2.30 × 10−6 

0.4767

=

What goes in here?

A metal sample is hammered into a rectangular sheet 
with an area of 31.2 ft2 and an average thickness of 
2.30 × 10−6 cm. If the mass of this sample is 0.4767 g, 
predict the identity of the metal. 

The density of the metal is shown in parenthesis.  
Useful information: 1 ft = 12 in; 1 in = 2.54 cm 

    A) Aluminum (2.70 g/cm3) B) Copper (8.95 g/cm3)

    C) Gold (19.3 g/cm3) D) Zinc (7.15 g/cm3) 

QUESTION

A metal sample is hammered into a rectangular sheet 
with an area of 31.2 ft2 and an average thickness of 
2.30 × 10−6 cm. If the mass of this sample is 0.4767 g, 
predict the identity of the metal. 

The density of the metal is shown in parenthesis.  
Useful information: 1 ft = 12 in; 1 in = 2.54 cm

    A) Aluminum (2.70 g/cm3) B) Copper (8.95 g/cm3)

    C) Gold (19.3 g/cm3) D) Zinc (7.15 g/cm3) 

Dimensional Analysis: Answer

ft2

? g

? cm3

ft2

(12 in x 12 in) cm

g

31.2

1

2.30 × 10−6 

0.4767

=
1 in2

(2.54 cm x 
2.54 cm ) 

A metal sample is hammered into a rectangular sheet 
with an area of 31.2 ft2 and an average thickness of 
2.30 × 10−6 cm. If the mass of this sample is 0.4767 g, 
predict the identity of the metal. 
ð  The density of the metal is shown in parenthesis.  

ð  Useful information: 1 ft = 12 in; 1 in = 2.54 cm 

1

__________________________ = ft2 in2

ft2

cm2

in2

Dimensional Analysis  
Solved in 2 Steps

cm
cm3 ? cm3

A metal sample is hammered into a rectangular sheet 
with an area of 31.2 ft2 and an average thickness of 
2.30 × 10−6 cm. If the mass of this sample is 0.4767 g, 
predict the identity of the metal. 
ð  The density of the metal is shown in parenthesis.  

ð  Useful information: 1 ft = 12 in; 1 in = 2.54 cm 

1

__________________________ = ft2 in2

ft2

cm2

in2
1

12 x 12
31.2

2.54 x 2.54

1

Dimensional Analysis  
Conversion/Unit Factor Calculations

cm
2.30 × 10−6 

0.4767 g/6.67 x 10-2 cm3 =
7.15 g/cm3 
 

cm3 
 0.066667222 cm3 
6.67 x 10-2 cm3 

Densities of Various Common Substances* 
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QUESTION
Which would provide more grams of NaCl, sample one with a 
mass of 2,350 mg, or sample two, a solid with a volume of 2.00 
cm3?  (The density of solid salt is 2.16 g/cm3.)  Select the most 
massive sample and its mass in grams.

A.    Sample two; 1.08 grams
B.    Sample two; 4.32 grams
C.    Sample one; 2.35 grams
D.    Sample one; 2.350 grams

Density  
http://www.density.com/what.htm

Density = Mass / Volume [g/mL or g/cm3; g/L]

V = m / d m = V x d

Answer
Which would provide more grams of NaCl, sample one with a 
mass of 2,350 mg, or sample two, a solid with a volume of 2.00 
cm3?  (The density of solid salt is 2.16 g/cm3.)  Select the most 
massive sample and its mass in grams.

A.    Sample two; 1.08 grams
B.    Sample two; 4.32 grams
C.    Sample one; 2.35 grams
D.    Sample one; 2.350 grams

2.16 g/cm3 x 2.00 cm3 = 4.32 g 

4.32 g x 1000 mg / g = 4,320 mg

m = V x d

Bouyancy
Metal/concrete hull ships 

 Mass Displacement (TONS)

QUESTION
The volume of any material can be obtained from its density and 
mass.

If the mass of a sample of acid from a battery were 5.00 grams and 
its density was 1.2  g/mL, what would the correct reported volume 
in mL with the proper number of significant digits?

A.  6.0 mL
B.  6.00 mL
C.  4.2 mL
D.  4.17 mL

Density  
http://www.density.com/what.htm

Density = Mass / Volume [g/mL or g/cm3; g/L]

V = m / d m = V x d

Answer
The volume of any material can be obtained from its density and 
mass.

If the mass of a sample of acid from a battery was 5.00 grams and 
its density was 1.2  g/mL, what would the correct reported volume 
in mL with the proper number of significant digits?

A.  6.0 mL
B.  6.00 mL
C.  4.2 mL
D.  4.17 mL

5.00 g x 1.0 mL/ 1.2 g = 4.2 mL
  

V = m / d

Mass water = 9.54 g
d water = 1.00 g/mL
9.54 g x 1mL/ 1 g = 

9.54 mL 
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Equation of a line:  Δy = mΔx + b

 
 
 
 
 
 
 
 
 
 

Δ 

Δ 

Volume (mL) Mass (grams) 

0.5 10.0 

2.8 55.0 

5.9 113.5 

30.4 586.0 

82.2 1587.0 

117.6 2270.0 

588.1 11350.0 

Equation of a line:  Δy = mΔx + b

 
 
 

Δ Δ 

Δ 

Δ 

Density

QUESTION
Several large samples of an unknown metal were analyzed and the 
data plotted below. What is the metal?

Volume (mL) Mass (grams) 

0.5 10.0 

2.8 55.0 

5.9 113.5 

30.4 586.0 

82.2 1587.0 

117.6 2270.0 

588.1 11350.0 

1 mL = 1 cm3

Equation of a straight line:  Δy = mΔx + b

Volume (mL) Mass (grams) 

0.5 10.0 

2.8 55.0 

5.9 113.5 

30.4 586.0 

82.2 1587.0 

117.6 2270.0 

588.1 11350.0 

2270.0 g - 586.0 g

117.6 mL - 30.4 mL
_________________ = 19.3 g/mL

	Density	
	Mass	&	Volume	
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Mass & Volume

Volume
Mass

Unknown Metal 

Sample Mass (grams) Volume (mL) 
1 10.0 0.5 
2 55.0 2.8 
3 113.5 5.9 
4 586.0 30.4 
5 1587.0 82.2 
6 2270.0 117.6 


